any enhancement in synaptic strength that accompanHowever, despite intensive efforts in the hippocampus ies conditioned fear. to establish causal relationships between spatial memHere we show that learned fear actually occludes elecory and changes in synaptic strength, the importance of trically induced LTP in the cortico-amygdala pathway, this postulated link remains controversial (Eichenbaum, indicating that the learning-induced enhancement 1995; Zamanillo et al., 1999) . The complexity of the hippocampus and the medial temporal lobe system critical shares one or more steps with electrically induced LTP. for spatial memory has precluded a direct demonstraFurther analysis of LTP in this pathway revealed that it tion that learning leads to a change in synaptic strength involves an increase in transmitter release. We find that as a result of LTP. The problem is made even more fear conditioning leads to a similar enhancement of transmitter release, suggesting that LTP is a critical neural mediator of this behavioral response. in the slice preparation (see Figure 2) . We next investigated the site of expression for this Consistent with the idea that Ca 2ϩ influx is required for the induction of LTP, we found that LTP is completely form of LTP by testing the effects of LTP on pairedpulse facilitation (PPF), which is commonly believed to blocked when the Ca 2ϩ chelator EGTA (10 mM) is included in the recording pipette solution to buffer internal be a mostly presynaptic process (Zucker, 1989 To obtain independent evidence for this conclusion, we investigated the effects of increased Ca 2ϩ concentraevoked with minimal stimulation whose mean amplitude showed a steep all-or-none threshold as a function of tion, known to enhance P r , on the minimal stimulation EPSC. The increase in P r in these experiments led to a stimulating current intensity. After the threshold was reached, the intensity of stimulating current could be decrease in the fraction of failures without a change in the potency or CV (Figures 5D-5F ), consistent with and significantly increased without any effect on the size of postsynaptic responses, indicating stimulation of a further strengthening the view that true unitary responses were recorded. single presynaptic input (Bolshakov et al., 1997) .
Results

EPSPs recorded in response to the stimulation pulses of increasing intensity had a short and constant latency, suggesting that the EPSP was monosynaptic (Huang
To confirm that minimal stimulation recruits a single In addition, we found that the mean amplitude of the spontaneous miniature postsynaptic currents (mEPSCs; release site (Stevens and Wang, 1994), two different experimental approaches were used (Bolshakov and Figure 6 ), reflecting the release of single quanta of neurotransmitter, was similar to the averaged values of poSiegelbaum, 1995). First, we tested the effects of PPF, which affects probability of release (Zucker, 1989) Figure 6A ) at a holding potential of Ϫ70 mV. The slowly decaying component observed at posidala synapses has a significant presynaptic component and is associated with an increase in P r . tive holding potentials was sensitive to an NMDA receptor antagonist (D-APV, 50 M) and thus is mediated by the activation of NMDA receptors.
We next examined the properties of the LTP of unitary Fear Conditioning Also Occludes Paired-Pulse Facilitation EPSCs at cortico-amygdala synapses. Elementary synaptic responses induced by minimal stimulation (as was
The finding that LTP in the cortico-amygdala pathway is occluded by learned fear, is dependent (as is learned shown by applying the intensity threshold test) (Bolshakov et al., 1997; Isaac et al., 1996) were recorded to fear) on NMDA activation, and is expressed presynaptically, as shown by an enhanced probability of release, obtain baseline EPSCs prior to the induction of LTP. The presynaptic input was stimulated with paired stimuli makes the strong prediction that if learned fear leads to a similar form of LTP, then LTP produced by learned at a 50 ms interstimulus interval. This allowed us to confirm the unitary nature of the EPSC as judged by the fear would also occlude paired-pulse facilitation. Consistent with this prediction, we found that paired-pulse unchanged potency and CV of the second response as compared to the first EPSC during paired presynaptic facilitation of the compound EPSCs (a measure of the presynaptic function) (Zucker, 1989 ) recorded at the corstimulation (Bolshakov and Siegelbaum, 1995; Isaac et al., 1996) . Paired stimulation was discontinued after regtico-amygdala synapses was largely occluded in fearconditioned animals ( Figures 8A and 8B) . By contrast, istration of the baseline responses. Prior to LTP, a large fraction of the presynaptic stimuli (Ͼ50%) delivered to there was no significant difference in the amount of paired-pulse facilitation in naive, unpaired controls or the fibers of the cortical input failed to induce an EPSC in the postsynaptic neuron, suggesting that the initial those that received CS only. Paired-pulse facilitation in the slices from fear-conditioned rats was reduced to release probability at this synapse was low (Figures 7A  and 7C 
